The Zagreb analysis partial-wave T matrices included in the Review of Particle Physics [by the Particle Data Group (PDG)] contain Breit-Wigner parameters only. As the advantages of pole over Breit-Wigner parameters in quantifying scattering matrix resonant states are becoming indisputable, we supplement the original solution with the pole parameters. Because of an already reported numeric error in the S 11 analytic continuation [Batinić et al., Phys. Rev It is important to mention that at the time when these results were published, only Breit-Wigner parameters were accepted as a reliable quantification of resonance properties, and pole parameters served only as auxiliary quantities. In accordance with the general trend, and in spite of the fact that pole parameters have also been collected by the PDG, in [2] we unfortunately chose not to publish both sets.
On the basis of the Carnegie-Mellon-Berkeley (CMB) coupled-channel model of Ref. [1] , the Zagreb group in 1995 produced a set of isospin-1/2 partial-wave amplitudes S 11 -G 17 [2] . We used a three-channel model with π N, ηN, and a third, effective, π 2 N channel, and fitted the model parameters to (i) the Karslruhe-Helsinki partial waves for π N elastic scattering [3] (824 data points), and to (ii) the complete available experimental database for the π N → ηN process (839 data points). Since 1996, this analysis has been included in the Review of Particle Physics, a world compilation of nucleon resonances by the Particle Data Group (PDG) as the BATINIC 95 solution.
It is important to mention that at the time when these results were published, only Breit-Wigner parameters were accepted as a reliable quantification of resonance properties, and pole parameters served only as auxiliary quantities. In accordance with the general trend, and in spite of the fact that pole parameters have also been collected by the PDG, in [2] we unfortunately chose not to publish both sets.
However, the important fact, already formulated by Höhler in 2000 [4] , that Breit-Wigner parameters are inherently model dependent and that the quantification of resonance properties should be made at the level of T-matrix pole parameters, has only recently been fully recognized [5] . It became imperative for partial-wave analyses to provide pole positions. We now realize that our decision not to publish the available pole parameters for the BATINIC 95 solution was a serious omission; the purpose of this Brief Report is to correct this.
There are several reasons why our 14-year-old results are of current interest. The two most prominent are as follows:
(i) No really new experimental data for meson production have appeared since 1995 (there are some recent measurements of the π N → ηN process at low energies [6] , but the results overlap with old data), so repeating the analysis is unnecessary; (ii) the BATINIC 95 partial waves are based on an active set of codes which are currently used for an entirely different purpose (to analyze the analytic structure of * Deceased. † alfred.svarc@irb.hr the world collection of partial-wave amplitudes), so in case new data appear (possibly from MIPP at Fermilab [7] or J-PARC in Tokyo [8]) one may use the formalism to update the solution.
The main intent of this Brief Report is to present the pole parameters for our solutions, and so enable the physics community to compare our results with the poles of the world collection of other active partial-wave analyses (VPI/GWU [9] , EBAC [10] , Jülich [11] , Bonn [12] , Mainz [13] , and Giessen [14] ).
We would also like to use this opportunity to update the BATINIC 95 solution. Soon after publishing the original paper, we discovered a minor numerical error in the S 11 analytic continuation formalism and reported it in an Erratum [15] . However, as we were allowed to publish only graphs of the corrected partial-wave amplitudes without the resonance parameters, the erroneous values of the Breit-Wigner parameters collected by the PDG could not be replaced, because the PDG publishing policy requires that all included results must be published in a reviewed journal, and our corrected numerical values have been given only in the arXiv preprint [16] . Publication of corrected Breit-Wigner parameter values in this Brief Report is the chance to remedy this situation, and to declare the BATINIC 95 solution, presently included in PDG [17] , invalid.
In its place, we offer two new solutions: (A) a corrected BATINIC 95; and (B) a new solution with an improved normalization of the low-energy S 11 π N elastic input. In spite of finding them statistically almost equivalent, we endorse solution (B) because of its better embedding into low-energy π N physics.
For the convenience of the reader, we repeat the essence of our model.
The Zagreb partial-wave analysis [18] is based on the CMB coupled-channel approach, which is fully analytic, and manifestly unitary [1] . In the CMB analysis, a central role is played by the unitary, normalized, partial-wave T matrix T(s), a matrix in the channel indices:
Two main ingredients of the model are the channel propagator (s), the diagonal matrix in channel indices that takes care of channel-related singularities, and the bare resonant propagator G 0 (s), the diagonal matrix in resonant indices incorporating real first-order poles related to resonances (and background). Resonant contributions are generated by "dressing" bare propagator poles from the N * energy domain with self-energy terms. The nonresonant background contribution is quite reliably [1] simulated by (usually two) subthreshold poles, but another background pole may also be placed above the energy region of interest. The dressed resonance propagator G(s) is given by solving the (Schwinger-Dyson) equation
, where the self-energy term (s) is built from the channel propagator as γ · (s) · γ T . The parameter matrix γ is, generally, a nonsquare matrix in resonance ⊗ channel indices and is obtained from a least-squares fit to experimental data or generated partial waves. In addition to γ parameter matrices, the values of the bare propagator real poles are simultaneously acquired from the same fit.
The channel propagator matrix (s) is assembled from channel propagator functions φ(s). The dominant singularity in the resonant region, apart from those of the resonances themselves, is the physical (channel opening) branching point s 0 . In the CMB approach, contributions from other singularities (such as the left-hand cut, the nucleon pole, etc.) are given partly by the design of the imaginary part of the channel propagator, while the rest are taken care of by the background.
The imaginary part of the channel propagator is given by
where q(x) is the standard two-body center-of-mass momentum for a particular meson-baryon channel, and Q 1 and Q 2 are the CMB model parameters with values equal to the π meson or, in our case [18] , the channel meson mass. Here L is the orbital angular momentum number of the given partial wave. Analyticity of the channel propagator function φ(s) is ensured by the once-subtracted dispersion relation
where P stands for the Cauchy principal value. The physical (unitarity) branch cut is, thus, chosen to go from the branching point s 0 to positive infinity. The variable x is used in the integral rather than s to indicate that the integration path is on the real axis. The model, in principle, contains N C channels, N P bare propagator poles s i (N R resonant and two background poles), and all channel-to-resonance mixing matrix real parameters γ . Once the number of channels, N C , and the number of bare propagator poles, N P are chosen, the model contains a total of N P + (N P × N C ) free parameters per partial wave. All parameters of the model, the nonsquare parameter matrix γ , and the values of the real bare propagator poles s i , are concurrently obtained from a least-squares fit of the unitary, normalized T (s) to the input.
In 1995, the model was restricted to three channels, and the optimal number of resonances per partial wave. The input, consisting of π N elastic and π N→ ηN processes, was separated into two structurally different parts: (a) instead of taking the huge π N elastic database, we have fitted the KH80 partial waves (824 points, i.e., 103 points per partial wave) [3] ; and (b) all existing π N → ηN differential and total cross section data (839 points). The number of π N elastic partial-wave energy values was balanced to be as close as possible to the number of available π N → ηN data points in order to ensure equal weighting of the fit to both channels.
The fitting was done simultaneously for all partial waves S 11 -G 17 , and contains 132 free parameters. We started with a minimal set of poles: N R = 1 resonant poles, and two for the background. We then increased the number of resonant poles until a satisfactory fit was achieved, that is, until the quality of the fit, as measured by the reduced χ 2 value, could not be improved. In addition, a visual resemblance of the fitted curve to the data set as a whole was used as a rule of thumb: we rejected all solutions that had a tendency to accommodate for rapidly varying data points, regardless of the resulting χ 2 value. As stated at the beginning of the paper, because of a numerical error in the S 11 analytic continuation in Refs. [15, 16] , we would like to declare the old BATINIC 95 solution, presently recognized by the PDG, invalid. Instead, we offer two new solutions: (A) a corrected BATINIC 95, and (B) a new solution with an improved S 11 π N elastic input.
Both solutions are obtained from the same π N → ηN database, but with different π N elastic input. The corrected solution uses the standard KH80 π N elastic set; the resonance parameters obtained are presented in Table I. Table II shows resonance parameters obtained from the new solution that uses the KH80 set with a modified low-energy part of the S 11 partial wave. As some normalization problems have been established and reported for the S 11 low-energy points (up to 1500 MeV c.m. energy) in the KH80 solution [19, 20] , this part of the KH80 partial wave has been replaced with the more reliable VPI/GWU solution SM95 [9] . This procedure was of course approved and encouraged by Höhler [21] . For a detailed description of the new solution, see Ref. [18] .
The quality of the fit, as measured by the χ 2 red , is compatible and satisfactory for both solutions; see Table III. Here, χ 2 is defined in the standard way:
The statistical difference between the two solutions is insignificant.
(A) The corrected solution with standard KH80. As the difference between the erroneous and corrected Breit-Wigner parameters is small (within one standard deviation), the corrected solution retains all the features of the original one. Hereafter we summarize the main features of all Zagreb solutions. At a first glance it might seem natural to compare our results only with the KH80 resonance and pole parameters. However, in spite of the fact that we qualitatively reproduce all KH80 resonances, we believe that we should go beyond this.
Even if we could ideally reproduce the KH80 π N elastic partial waves (and indeed we are very close to doing so), our pole parameters could, even substantially, differ from those of KH80. (11) 213 (20) 77 (9) 13 (7) 10 (4) 1652 (11) 216 (20) (16) 195 (18) 28 (20) 5 (7) 67 (20) 1697 (14) 187 (16) First, due to an extension of the number of channels, they can differ quantitatively. For the same reason, our solutions can also contain new resonances. As we have already shown in [22] , fitting only the elastic P 11 GWU/VPI single-energy partial wave [9] was insufficient to fully constrain all possible resonances. The P 11 (1710) resonance was left undetected until the ηN channel was included. The new resonance strongly determines the behavior of the ηN channel, but only marginally influences the π N elastic channel, so analysis of only the elastic channel leaves it undetected. This finding is not a flaw in our model, it is an example of the general rule that fitting one particular channel in principle cannot reveal precise information about resonances that dominantly couple to other channels. To "see" these resonances precisely, other channels should be added and fitted. The resulting shift of the poles describing the inelastic channels to new, better-constrained positions also substantially moves the remaining poles. In Hoehler's partialwave analysis (PWA) the inelasticity constraint is imposed by introducing t-channel dispersion relations, but it does not include the ηN channel. Therefore, information about the ηN channel is not included in the KH80 pole positions. In our case, as we fitted the πN → ηN data in addition to the KH80 elastic channel partial waves, we expect that our pole positions are affected by the ηN channel, and we must obtain a solution that corresponds to a compromise between the elastic and ηN channel data. As a result, our poles and the KH80 poles are in principle different. Therefore, we prefer to make our comparison with PDG averages, as they effectively include all channels. Our findings are as follows: ters are also notably different from those of the PDG. The advantage of our approach is is that all parameters, those that agree with those of the PDG and those that do not, are obtained in a simultaneous, multichannel, multiresonance fit. Therefore, we expect our resonance parameters to be significantly more reliable than those of the PDG where there is disagreement.
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(B) The new solution with modified KH80 input in the S 11 partial wave. The Breit-Wigner and pole parameters of this solution are very similar to those of solution (A), so all features of the first solution are preserved.
In conclusion, in addition to Breit-Wigner parameters we present for the first time pole positions for two Zagreb PWA solutions: model (A) from Refs. [15, 16] , and model (B) from Ref. [18] .
In spite of a strong statistical similarity of the two solutions, we endorse solution (B). The reason is simple. Even when the input set for solution (B) is obtained in a somewhat artificial way (simply replacing the debatable low-energy part of the KH80 S 11 solution [19, 20] with that of the VPI/GWU SM95 solution), the fit is still based on an S wave with fewer normalization problems in the lower-energy region; for an expanded discussion see [18] . So we believe this solution takes into account much more low-energy pion-nucleon physics, such as the ηN S-wave scattering length and σ term physics, which depend on a precise low-energy normalization.
